In this study, we demonstrated that lymph fistulas are to date a common complication after ILND and lead to reoperations and significantly more outpatient visits. The number of lymph nodes affected and resected, and prior sentinel lymph node dissection, was not associated with a higher complication rate.
Introduction
Radical lymphadenectomy is the standard of care in melanoma patients with biopsy-proven or palpable lymph node metastases, and represents also a therapeutic approach in patients with lymph node metastases from other malignant diseases, even for debulking reasons [1] - [4] .
Inguinal lymph node dissection (ILND) has been commonly associated with postoperative complications such as lymphedema, lymph fistula and wound infections leading towards a prolonged hospital stay, more visits in the outpatient clinic and thus delayed return to work and a reduced quality of life. The reported complication rates after ILND range from 14% -77%, and a rationale for these large differences is the use of a variety of different definitions of complications. The lymph fistula, defined as a persisting discharge of lymph fluid over a drain, especially represents a therapeutic challenge in patients after ILND [5] - [8] .
Several studies have addressed the issue of postoperative complications after ILND and determined predictors and associated factors of these complications. However, the development of lymph fistulas has not been sufficiently elaborated [9] .
In this study, we retrospectively examined the incidence and factors associated with the development of lymph fistulas after ILND with a special focus on items that have not been analysed so far, for example the influence of residents on the development of fistulas.
Patients and Methods
We retrospectively reviewed records of all patients that underwent inguinal lymph node dissection for lymph node metastases at the Department of General and Visceral Surgery of the University Hospital Frankfurt between February 2005 and March 2012. The study has prior been approved by the Internal Review Board.
The preoperative diagnosis of inguinal lymph node metastases was formulated in all patients on the basis of follow-up examinations and imaging procedures according to the guidelines of the respected malignancy. The decision for radical lymphadenectomy in each case was made after thorough discussion in an interdisciplinary tumor board.
Clinical data, especially prior lymphadenectomies, number of resected lymph nodes, number of lymph node metastases and details of each operation, were collected.
The preoperative desinfection was performed in a standardized procedure using six Aseptoderm® (Dr. Schumacher GmbH, Germany) soaked swaps to wash the groin region, sterile draping but without using an incise drape after desinfection. Inguinal lymphadenectomy was performed using a vertical incision starting 2 cm superior of the inguinal ligament lateral of the vascular bundle. The superior boundary of the dissection was the anterior superior iliac spine (superior lateral) and the pubic tubercle (medial), the inferior, medial and lateral boundaries are the adductor longus and sartorius muscles. All lymphatic tissue within this triangle was dissected, sacrificing the saphenous vein in most of the cases. The femoral artery and vein were skeletonized over the anterior 180 degree of the surface. Furthermore, the tissue superior of the inguinal ligament within the medial and lateral boundaries was resected of the external oblique fascia. A 14 Charriere suction drain was placed in all cases and was removed if the output was <30 ml/24h. All specimens were examined by an experienced pathologist.
Lymph fistula was defined as persisting flow of lymph fluid >30 ml /day for more than 3 days after the procedure or a significant leakage of lymphatic fluid for more than 5 days after the procedure, regardless of the exact amount [10] .
The Mann-Whitney test, Fisher's exact test and t-test were used to evaluate the relationships between clinical features. A p-value < 0.05 was considered statistically significant. Statistics were calculated using MedCalc® version 13.0.4. (MedCalc Software, Belgium).
Results

Patients' Characteristics
Seventy-two patients (34 female, 38 male) underwent inguinal lymphadenectomy between 2005 and 2012 at the Department of General and Visceral Surgery of the University Hospital Frankfurt. The median age at operation was 63 years (range: 33 -83 years). The underlying malignancy was malignant melanoma in 61 patients, rectal cancer in 4 patients and 7 patients presented with inguinal lymph node metastases of a variety of other cancers ( 
Surgical Aspects and Outcome
The median operation time was 91 min (range: 35 -275 min). Of these operations, 42 (58%) were performed by senior surgeons, whereas 30 (42%) were performed by residents under supervision by a senior surgeon. There was no significant difference in operation time if the operation was done by a resident under supervision or by the senior surgeon herself/himself (residents: median 103.5 min (range: 38 -195 min) vs. seniors: 80 min (range: 35 -275 min); p = 0.08).
The median number of resected lymph nodes in the specimen was 7 (range: 0 -28). Fifty-one patients (71%) revealed lymph node metastases in the final histopathology report, with a median of 1 (range: 0 -12) lymph node metastasis per patient. Twenty-one patents (29%) exhibited more than one metastasis. Thirty-six patients (50%) underwent sentinel lymph node dissection (SLND) prior to the inguinal lymphadenectomy.
The median total hospital stay was 5 days (range: 3 -34 days). Patients who developed a lymph fistula did not stay significantly longer in the hospital (median: 4 days; range: 1 -24 days) compared to those without a fistula (median: 5 days; range: 1 -8; p = 0.10). Furthermore, patients who suffered from a lymph fistula had significantly more visits in the outpatient clinic (median: 4; range: 0 -13 vs. median: 1; range: 0 -6; p =< 0.0001).
Complications and Associated Factors
In total, 47 patients (65%) developed a lymph fistula in the course of the operation, of which 6 patients (8%) underwent reoperations. Surgical site infections (SSI) were seen in 15 patients (21%), all of them harbouring fistulas. Out of these 15 patients with SSI, 5 (7%) patients were treated with vacuum-assisted closure for wound conditioning after breakdown, whereas 8 (11%) patients have been treated with antibiotics. There was no difference in the complication rate if the procedure was performed by a resident under supervision or the senior surgeon herself/himself (p = 0.80).
The 
Discussion
In this retrospective study of patients undergoing ILND for lymph node metastases, 65% of patients developed a lymph fistula, accompanied by a surgical site infection in 21% of all patients. In the cohort presented here, obesity (BMI ≥ 30) had no influence on the complication rate. Furthermore, the number of affected lymph nodes was not associated with the occurrence of lymph fistulas.
Patients with lymph fistulas had not been significantly longer hospitalized, but revealed a significantly higher number of outpatient visits. Interestingly, there was no influence on the complication rate if the procedure was done by a resident under supervision or by the senior surgeon herself/himself.
The incidence of wound complications after ILND is significantly higher compared to lymph node dissections in other anatomical regions or other operations (1% -5%).
Several explanations have been proposed to address this striking difference, including greater lymphatic flow, larger dissection area, thin skin flaps, density and type of the inguinal flora and difficulties in maintaining hygiene in this area, especially in obese patients [5] [11] .
The incidence of postoperative complications after ILND resembles the complication rates reported by other groups. In the cohort reported by Chang and colleagues, 77% of all patients developed wound complications after ILND [5] . Similar results were presented by Serpell et al., with 71% of patients suffering from wound complications [11] . The incidence of complications reported by Coit and colleagues with 64% of patients revealing complications was similar to the rate presented in our study [12] . Interestingly, only 14% of all patients reported by Glarner et al. had developed wound complication after ILND [8] . The differences in the numbers of the reported complications in the published literature are likely based on the different definitions of wound complications employed in these reports. In addition, it is well established that obesity increases the risk for wound complications, which might serve as one reason for the lower wound complication rate in the cohort presented by Tonouchi et al. with a BMI of 22.5 kg/m 2 when compared to the cohort presented by Chang and colleagues, harbouring a BMI of 30.8 kg/m 2 [5] [13]. Mohr et al. also reported a significant association between a BMI around 30 kg/m 2 and lymph fistulas [9] . We could not demonstrate a significantly higher rate of wound complications in patients with a BMI ≥ 30 kg/m 2 undergoing ILND, probably due to the small number of obese patients in our cohort (n = 10). In the cohort presented in our study, 42% of all ILND were performed by residents under the supervision of an experienced senior surgeon. The complication rate was not higher in the "operation by resident" group compared to the senior surgeon group, whereas the operation time was longer but did not reach significance. We have recently demonstrated similar findings in ileostomy reversals, backing our findings that procedures performed by residents do not have elevated rates of complications, only longer operation times [14] .
It is a well-established fact that postoperative wound complications lead towards longer hospital stays, more readmissions or outpatient visits and an increase in overall costs [15] [16] . Chang and colleagues addressed this issue and estimated the cost in patients undergoing ILND with or without postoperative wound complications, revealing significantly increased costs for inpatient and outpatient treatment in patients with complications. In our study, we did not compare the costs for patients with or without lymph fistulas after ILND, but patients with fistulas revealed significantly more outpatient visits, which does not only lead towards increased costs, but also to a delayed return to work.
Several modification of the surgical technique have been described to date, addressing these high wound complication rates in patients undergoing ILND or vascular surgery of the groin. Giovannaci and colleagues revealed a significantly lower rate of complications in 224 patients after femoral artery surgery, either treated with a conventional closure or randomized to a group treated with fibrin glue [17] . The power of this study is limited, as lymph node dissections and vascular surgery in the groin region differ significantly in their impact on the lymphatic system. The difference in the surgical impact on the lymphatic system of either vascular surgery or radical lymph node dissections offers an explanation for the findings of Neuss et al. in their randomized trial on 58 patients undergoing iliacal and inguinal lymph node dissection for melanoma. In this study, patients receiving fibrin glue did not reveal lower wound complication rates [18] .
Similar results have been reported on the use of collagen sealant patches (e.g. TachoSil®) in the backdrop of lymph node dissections, in their single center trial on 70 patients undergoing axillary or ilio-inguinal lymph node dissection, Di Monte et al. reported a significantly higher percentage of drainage-free patients on day 21 after surgery in the TachoSil® group [19] . This study has several limitations. First, patients with a BMI > 30 kg/m 2 have been excluded, which is a group that has been identified for having an increased risk for the development of wound complications and fistulas in the aforementioned publications. Second, axillary and ilio-inguinal lymph node dissection differ significantly in the postoperative complication rate itself and thus cannot be pooled.
Besides fibrin glue and collagen patches, the use of other electrothermal sealing devices has been analysed in the context of lymph node dissections and postoperative lymph fistulas. Cortadellas and colleagues reported a significantly shorter operation time and fewer days of suction drain in 100 patients undergoing axillary dissection in their randomized clinical study using LigaSure™ [20] . The use of argon plasma coagulation in a single case of bilateral inguinal lymph node dissection revealed decreased lymph secretion rates in the area treated by argon plasma coagulation [21] .
In summary, in depth randomized controlled multicenter studies addressing surgical techniques helping to prevent lymph fistulas and wound complications after ILND are not available to date.
Conclusions
In this study, we demonstrated that lymph fistulas are to date a common complication after ILND and lead to reoperations, significantly more outpatient visits and thus to a consumption of healthcare resources. Radical surgery, i.e. the number of lymph nodes affected and resected, and prior sentinel lymph node dissection, was not associated with a higher complication rate. Although the operation time was longer, procedures performed by residents were not associated with a higher complication rate.
In the backdrop of the current literature, this study once more demonstrates the need for randomized trials addressing surgical solutions for the high complication rates in inguinal lymph node dissections.
